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Chapter I. Introduction 
I-1. Background 
The Virginia Department of Environmental Quality (DEQ) is in charge of issuing VPDES 
(Virginia Pollution Discharge Elimination System) permits to point source dischargers, who 
dischatge wastewater into the waters of the Commonwealth. The responsibility of permit writing 
resides at the DEQ regional offices, with technical assistance provided by central office 
personnel. The permit writers routinely make use of mathematical water quality models to 
estimate the waste assimilation capacity of a receiving stream and use the model results to 
determine permit loads of pollutants. The assimilation capacity of a water body is the maximum 
dai ly waste loads the system can take while it still maintains water quality standards under 
specific design conditions. The design conditions are normally the summer high-temperature 
and low-freshwater flow conditions. In most cases, the water quality standards include specific 
daily minimum and mean dissolved oxygen concentrations that must be maintained in the water 
column. 
To estimate the assimilation capacity in estuaries and coastal basins affected by tidal 
flushing, the DEQ personnel currently have a Regional Tidal Modeling System at their disposal. 
The modeling system is a computer application that provides permit writers with the tool to 
perform desktop water quality modeling without requiring much modeling experience. The 
current modeling system is based on an old model called AUTOSS (Crim & Lovelace 1973) and 
includes an expert system preprocessor to create input data file and various auxiliary programs 
for modification, printing and storage of data and model results. An expert system refers to a 
system in which predefined protocols that incorporate the expertise of the authors accept simple 
observational data and make complex decisions. Its advantage is that it does not require 
significant expertise of end users in the area of interest. 
Due primarily to the use of an old model and its complex structure of data requirements, 
the current modeling system for Virginia coastal basins is difficult to use and thus has not been 
particularly useful, whereas a similar modeling system for free-flowing streams has been highly 
successful. One of the handicaps of the current Regional Tidal Modeling System is the treatment 
of tidal transport of materials in the AUTOSS water quality model. The model simulates the 
tidal transport using a tidal mean dispersion term that includes phase as well as shear effects, and 
the dispersion coefficient is the only input parameter required for the representation of tidal 
transport. The values of tidal mean dispersion coefficient cited in literature range over three 
order of magnitudes (Fischer et al. 1979), depending on the size as well as the tidal 
characteristics of a coastal system. The dispersion coefficient moreover varies spatially and 
temporally within a given coastal system. There is no easy-to--implement rational formula to 
estimate the dispersion coefficient nor to infer it from the measurements taken at other coastal 
systems. For a coastal system, a tracer study should be performed to estimate the dispersion 
coefficient, which is impractical for permit writing process. An expert system based on a water 
quality model that does not depend on the dispersion concept for the representation of tidal 
transport needs to be developed for permit writing purpose for Virginia coastal basins. 
1-2. Tidal Prism Water Quality Model and Expert System 
Virginia Institute of Marine Science has developed a tidal prism water quality model in the 
late 1970s (Kuo & Neilson 1988) to provide a tool for water quality management of small coastal 
basins and tidal creeks. The tidal prism model simulates the physical transport processes in 
terms of the concept of tidal flushing (Ketchum 1951). The implementation of the concept in 
numerical computation is simple and straightforward, and ideal for small coastal basins including 
those with a high degree of branching. The tidal prism water quality model in Kuo & Neilson 
( 1988) has eight water quality state variables including chlorophyll-a, organic nitrogen, 
ammonium nitrogen, nitrate nitrogen, organic phosphorus, inorganic phosphorus, carbonaceous 
biochemical oxygen demand and dissolved oxygen. The model was applied to several small 
coastal basins in Virginia (e.g. , Ho et al. 1977; Cereo & Kuo 1981), and has been employed by 
the Virginia Water Control Board for point source waste load allocations and by local plmming 
district commissions to address impacts of nonpoint source management. The Corps of 
Engineers also has used the model to assess the water quality impact of canal construction in the 
Lynnhaven Bay system (Kuo & Hyer 1979). 
The tidal prism water quality model in Kuo & Neilson ( 1988), under the sponsorship of 
1993 and 1994 Virginia Coastal Resources Management Program Grant, has been upgraded in 
terms of representing physical transpo11 and biogeochemcial processes, and the solution scheme 
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(Kuo & Park 1994 and 1995b). The model described in Kuo & Neilson (1988) simulates the 
conditions in the main channel and its primary branches (those connected to the main channel) 
only. The model was improved to include shallow embayments connected to the primary 
branches, which allows the model to simulate the conditions in the secondary branches (those 
connected to the primary branches) . The upgraded model treats the secondary branches as 
storage areas, which exchange the water masses with the primary branches as tide rises and falls 
(Kuo & Park 1995a). In the present expert system, the main channel is referred to as main 
channel, the primary branch as tributary, and the secondary branch as secondary tributary. The 
biogeochemical kinetic portion of the tidal prism model was expanded to more completely 
describe eutrophication processes and to be comparable with the modeling efforts in the 
Chesapeake Bay mainstem and major tributaries. First, the water column state variables and the 
kinetic formulations used in the Chesapeake Bay three-dimensional water quality model (Cereo 
& Cole 1994) were modified and used in the upgraded model. The upgraded model has twenty-
four state variables (see Kuo & Park 1994). Second, the sediment process model that was used 
for modeling of the Chesapeake Bay mainstem and major tributaries (Di Toro & Fitzpatrick 
1993) was slightly modified and incorporated into the upgraded model to enhance the predictive 
capability of the model. A new solution scheme, in which decoupling of the kinetic processes 
from the physical transport and external sources results in a simple and efficient computational 
procedure, was developed and used for the upgraded model (Park & Kuo 1996; Park et al. 1998). 
The upgraded tidal prism water quality model in Kuo & Park (1994 and 1995b) has been 
successfully applied to the Lynnhaven River (Park et al. 1995a) and four other small coastal 
basins in Virginia (Kuo et al. 1998). 
An expert system based on the existing tidal prism water quality model (Kuo & Park, 1994 
and 1995b) has been developed to assist with permit writing for small coastal basins in Virginia. 
The existing model is complicated and requires so many input data that it needs to be simplified 
for permit writing purposes. The sediment process model is removed from the existing model 
since the current permit writing process is based on the direct impact of point source discharges 
on water quality conditions in the water column. Among twenty-four water column state 
variables in the existing model, a number of them are not needed for the present permit writing 
process. The non-essential state variables are removed from the existing model while still 
maintaining a system to address the dissolved oxygen (DO) budget in the water column. Two 
3 
versions of the water quality model have been constructed from the existing model. For nutrient 
insensitive cases, a model referred to as CBOD-NBOD-00 version has been constructed to 
address only the routine conventional pollutants such as carbonaceous biochemical oxygen 
demand (CBOD) and nitrogeneous biochemical oxygen demand (NBOD). The state variables 
included in the CBOD-NBOD-DO version are total Kjeldal11 nitrogen, nitrate nitrogen, organic 
carbon, dissolved oxygen, fecal coliform bacteria, salinity and a tracer (Chapter II). For 
eutrophic systems where algae play an important role (thus nutrient sensitive cases) , a model 
referred to as nutrient-sensitive version has been constructed to include algal dynamics as well as 
dissolved oxygen budget. The state variables included in the nutrient-sensitive version are algal 
biomass, organic phosphorus, inorganic phosphorus, organic nitrogen, ammonium nitrogen, 
nitrate nitrogen, organic carbon, dissolved oxygen, fecal coliform bacteria, salinity and a tracer 
(Chapter III). The expert system consisting of evaluation of input parameters, 'Preprocessor for 
Geometry' and 'User Interface for Tidal Prism Water Quality Model' is developed to facilitate 
the model use by permit writers (Chapter IV). A summary for the present work and 
recommendations for future work are presented in Chapter V. 
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II. Model Description: CBOD-NBOD-DO Version 
CBOD-NBOD-DO version of the present model, which includes the following six 
water quality state variables, is used for nutrient insensitive cases to address the routine 
conventional pollutants such as CBOD and NBOD. 
I) total Kjeldahl nitrogen 2) nitrate nitrogen 
3) organic carbon 4) dissolved oxygen 
5) fecal coliform bacteria 
6) salinity 
The state variables and their interactions in the CBOD-NBOD-DO version are shown in Fig. 
2-1. The CBOD-NBOD-DO version for nutrient insensitive cases does not include algae or 
phosphorus cycle. The CBOD-NBOD-DO version has total Kjeldahl nitrogen, which is the 
sum of organic and ammonium nitrogen. The nitrate state variable represents the sum of 
nitrate and nitrite nitrogen. The CBOD-NBOD-DO version is basically equivalent to the 
traditional CBOD-NBOD-DO model (Thomann & Mueller 1987). 
In this chapter, the formulations of kinetic sources and sinks used for the six state 
variables are presented. Detailed description of the formulations of physical transport 
processes can be found in Kuo & Park (1994). The external sources including point and 
nonpoint source inputs are taken care of in the formulations of physical transport processes, 
and thus are not repeated in this chapter. 
II-1. Nitrogen 
The CBOD-NBOD-DO version has two state variables for nitrogen cycle: total 
Kjeldahl nitrogen and nitrate nitrogen. 
II-1-1. Total Kjeldahl nitrogen 
Kinetic sources and sinks included in the CBOD-NBOD-DO version for total Kjeldahl 
nitrogen, that includes both organic and ammonium nitrogen, are (Fig. 2- 1) 
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: settling of particulate organic nitrogen 
: nitrification to nitrate 
: sediment-water exchange 
The governing kinetic equation describing these processes is: 
8TKN WSOM BFTKN 
-- = - TKN - NIT-TKN + ---
& ~ h 
TKN = total Kjeldahl nitrogen concentration (g N m-3) 
t == time ( day) 
WS0 M == settling velocity of particulate organic matter (m day-1) 
h == total depth (m) 
NIT== nitrification rate coefficient ( day-1) 
BFTKN == exchange flux of TKN at sediment-water interface (g N m-2 day-1). 
II-1-2. Nitrate nitrogen 
Kinetic sources and sinks included in the CBOD-NBOD-DO version for nitrate 
nitrogen, that represents the sum of nitrate and nitrite nitrogen, are (Fig. 2-1) 
: nitrification from TKN 
: denitrification to nitrogen gas 
: sediment-water exchange 
The governing kinetic equation for nitrate nitrogen is: 
8N03 .., BFN03 
-- = NIT -TKN - DENIT -NO.) + ---
& h 
N03 == nitrate nitrogen concentration (g N m-3) 
DENIT == denitrification rate ( day-1) 
BFN03 == exchange flux of nitrate at sediment-water interface (g N m-2 day-1). 
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(2-1) 
(2-2) 
A. Nitrification 
The nitrification process is formulateq as a function of available ammonimn, dissolved 
oxygen and temperature (Bowie et al. 1985). 
NIT= DO I NIT -f (T) 
KHNIT DO + DO KHNIT N + TKN J11 NIT 
f NIT (T) = exp(- KNIT 1 [TNIT - T] 2 ) if T :s; TNIT 
= exp(- KNIT2 [T - TNIT] 2 ) if T > TNIT 
DO= dissolved oxygen concentration (g 0 2 m-3) 
KHNIT Do = nitrification half-saturation concentration for dissolved oxygen (g 0 2 m-3) 
KHNITN = nitrification half-saturation concentration for ammonium (g N m-3) 
NIT111 = maximum nitrification rate at TNIT (g N m-3 day-1) 
TNIT = optimum temperature for nitrification (0 C) 
T = water temperature (°C) 
KNIT 1 = effect of temperature below TNIT on nitrification rate (°C-2) 
KNIT2 = effect of temperature above TNIT on nitrification rate (0 C-2). 
B. Denitrification 
The formulation of denitrification used in the model is: 
KHORDO oc NDC 1 DENIT = K oc · AANOX · · A NO" 
KHORDO + DO KHDNN + _, 
(2-2a) 
(2-2b) 
(2-2c) 
(2-2d) 
KJ--IORDo = oxic respiration half-saturation concentration for dissolved oxygen (g 0 2 m-3) 
Koc= decomposition rate of organic carbon at infinite dissolved oxygen concentration (day- 1) 
AANOX = ratio of denitrification rate to oxic dissolved organic carbon respiration rate 
OC = concentration of organic carbon (g C m-3) 
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ANDC = mass of nitrate nitrogen reduced per mass of dissolved organic carbon oxidized 
(0.933 g N per g C) 
KHDNN = de.nitrification half-saturation concentration for nitrate (g N m-3) 
K0 c,cr = reference decomposition rate of organic carbon at TRoEc (day-1) 
KT DEC= effect of temperature on decomposition of organic matter (0 C- 1) 
TRoEC = reference temperature for decomposition of organic matter (°C). 
II-2. Organic Carbon 
The CBOD-NBOD-DO version has one state variable for organic carbon that includes 
both particulate organic and dissolved organic carbon. Kinetic sources and sinks included in 
this version for organic carbon are (Fig. 2-1) 
: settling of particulate organic carbon 
: decomposition of organic carbon, consuming dissolved oxygen 
: denitrification 
The governing kinetic equation describing these processes is: 
a oc = - wsoM oc - KHRo . oc - DENIT N03 
at h ANDC 
Ki-nw = decomposition rate of organic carbon (day-1). 
The rate of oxic heterotrophic respiration is expressed as a Monod function of 
dissovled oxygen, with Koc given by Eq. 2-2d. 
Kl-!RO 
DO 
- - -----K 
KHOR 00 + DO oc 
II-3 . Dissolved Oxygen 
(2-3) 
(2-3a) 
The processes included in the CBOD-NBOD-DO version for the kinetic sources and 
sinks of dissolved oxygen in the water column are (Fig. 2- 1 ): 
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: nitrification 
: decomposition of organic carbon . 
: surface reaeration 
: sediment oxygen demand 
The governing kinetic equation describing these processes is: 
a DO = -AONT ·NIT · TKN - AOCR · K · OC + K (DO - DO) - SOD (2-4) at HRO r s h 
AONT = mass of dissolved oxygen consumed per unit mass of ammonium nitrogen nitrified 
(4.33 g 0 2 per g N) 
AOCR = dissolved oxygen-to-carbon ratio in respiration (2.67 g 0 2 per g C) 
K = reaeration coefficient (day·') 
DOs = saturated concentration of dissolved oxygen (g 0 2 m·3) 
SOD= sediment oxygen demand (g 0 2 m·2 day" 1) . 
A. Surface reaeration 
The saturated concentration of dissolved oxygen, which decreases as temperature or 
salinity increases, is specified using an empirical formula in Genet et al. (1974). 
DOS = 14.5532 - 0.38217. T + 5.4258 X 10·3 • T 2 
- S-l0
3 
(1.665 x 10·.i - 5.866 x l0·6 ·T + 9.796 x l0·8 ·T 2 ) 
1.80655 
(2-4a) 
The reaeration coefficient includes the effect of turbulence generated by bottom friction 
(O'Connor & Dobbins 1958) and that by surface wind stress (Banks & Herrera 1977). 
[ 
~
eq J O 8 d -1} 1 KTT-20 K = maximum { K - + W , . m ay - , 
r ro h = h 
eq 
(2-4b) 
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Kro == proportionality constant= 3.933 in MKS unit 
u~q == average velocity over cross-section (m sec·1) 
heq == average depth over cross-section (m) 
W,ea == wind-induced reaeration (m day·1) 
= 0.728·U~} - 0.317·Uw + 0.0372-U~v 
Uw == wind S_Peed (m sec-1) at the height of 10 m above surface 
KT,= constant for temperature adjustment of DO reaeration rate. 
(2-4c) 
The reaeration coefficient estimated using Eq. 2-4b when the effect of wind stress is not 
included approaches zero as the water depth increases. To avoid unrealistically low 
reaeration, a minimum value of the reaeration coefficient of 0.8 m sec·1 is used in Eq. 2-4b 
(Thomann & Mueller 1987). 
B. Estimation of CBOD5 and TKN from model results 
From the model results, one can estimate the 5-day biochemical oxygen demand 
(BOD;) and TKN. In the CBOD-NBOD-DO version, only the oxidation of organic carbon 
contributes to BOD5, which is assumed to be entirely related to CBOD5. Then, BOD5 can be 
estimated using carbon using: 
BOD = CBOD = OC · AOCR 
5 2.5 2.5 
Where AOCR is the dissolved oxygen-to-carbon ratio in respiration (2.67 g 0 2 per g C). 
TKN is a model state variable. 
II-4. Fecal Coliform Bacteria 
(2-4d) 
In the present model, fecal coliform bacteria have no interaction with other state 
variables, and have only one sink term, first-order die-off. The governing kinetic equation 
may be expressed as: 
10 
a FCB T-20 
at = -KFCB . TFCB . FCB 
FCB = bacteria concentration (MPN per 100 ml) 
KFcB = first-order die-off rate at 20°c (day-1) 
T Fca = effect of temperature on decay of bacteria. 
II-5. Salinity 
(2-5) 
Salinity, being a conservative substance, has no kinetic source or sink terms. Hence, its 
distribution is solely determined by physical transport processes, which are described in 
detail in Kuo & Park (1994). 
11 
oc TKN 
N03 
DO 
reaeration s 
Figure 2-1. Interactions among six water quality state variables in the CBOD-NBOD-DO 
version. (Each rectangular box represents a model state variable. The arrows between two 
variables represent the biochemical transformation of one substance to the other. An 
arrow with one end unattached represents an external or internal source (or sink), such as 
settling or decay.) 
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III. Model Description: Nutrient-Sensitive Version 
Nutrient-sensitive version of the present model, which includes the following ten water 
quality state variables, is used for nutrient sensitive cases, that is, for eutrophic systems 
where algae play an important role. 
1) algae · 
2) organic phosphorus 
4) organic nitrogen 
6) nitrate nitrogen 
7) organic carbon 
9) fecal coliform bacteria 
10) salinity 
3) inorganic phosphorus 
5) ammonium nitrogen 
8) dissolved oxygen 
The state variables and their interactions in the nutrient-sensitive version are slmwn in Fig. 3-
1. Total algal biomass is quantified using one state variable. Organic matter for each of 
phosphorus, nitrogen and carbon also is represented by one state variable, which includes 
both particulate and dissolved organic matter. The nitrate state variable represents the sum of 
nitrate and nitrite nitrogen. The nutrient-sensitive version is similar to those water quality 
models such as Thomann & Fitzpatrick (1982), Ambrose et al. (1988), Kuo et al. (1991), 
Park & Kuo ( 1993 ), etc. This type of models has been widely used to help waste load 
allocation. 
In this chapter, the formulations of kinetic sources and sinks used for the ten state 
variables are presented. Detailed description of the formulations of the physical transport 
processes can be found in Kuo & Park (1994). The external sources including point and 
nonpoint source inputs are taken care of in the formulations of physical transport processes, 
and thus are not repeated in this chapter. 
III-1. Algae 
Algae occupy a central role in the nutrient-sensitive version (Fig. 3-1 ), and one state 
13 
variable is used to represent the total algal biomass. Kinetic sources and sinks included in 
this version for algal biomass are . 
: growth (production) 
: basal metabolism 
: predation 
: settling 
The governing kinetic equation describing these processes is: 
oB = (P - BM - PR - WSa) B 
at h 
B = total algal biomass (g C m-3) 
P = production rate of algae (day-') 
BM = basal metabolism rate of algae (day-1) 
PR= predation rate of algae ( day-1) 
WS8 = settling velocity of algae (m day-1). 
III-1-1. Growth (production) 
(3-1) 
A multiplicative relationship is used to represent the dependency of algal growth on 
nutrient availability, ambient light and temperature. 
PM= maximum growth rate of algae under optimal conditions (day-') 
f,(N) = effect of suboptimal nutrient concentration (0 ~ f, ~ 1) 
fi(I) = effect of suboptimal light intensity (0 ~ f2 ~ 1) 
fJCT) = effect of suboptimal temperature (0 ~ (1 ~ 1 ). 
111-1-1 a. Effect of nutrients on algal growth 
(3- l a) 
Using the Liebig's " law of the minimum" (Odum 1971 ), the effect of nutrients on algal 
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growth is expressed as : 
f _ . . ( NH4 + N03 _ P04 ) 
1 (N) - m1mmum , KHP P0 4 KHN + NH4 + N03 + 
NH4 = ammonium nitrogen concentration (g N 111·3) 
KHN = half-saturation constant for algal uptake of nitrogen (g N m·3) 
P04 = ph~sphate phosphorus concentration (g P m·3) 
KHP = half-saturation constant fo r algal uptake of phosphorus (g P 111·3). 
III-1-1 b. Effect of light on algal growth 
(3 - l b) 
The vertically integrated form of Steele's equation (Steele, 1965) is used to represent 
the effect of light on algal growth. 
= 0 if t < tu or t > td 
KESS = total light extinction coefficient (m-1) 
It= light intensity at time t (langleys day· 1) 
Is = optimal light intensity for algae (langleys day·1) 
Ia= total daily light intensity (langleys day·1) 
t = time of day (in hours) 
tu & td = time (in hours) of sunrise and sunset, respectively. 
(3 -l c) 
(3 -ld) 
(3- l e) 
The present tidal prism model, a tidal-average intertidal model, simulates the water quality 
conditions every tidal cycle, with the time step fo r the computation of physical transport 
equations every tidal cycle whereas that of kinetic equations on the order of a few hours 
15 
(Park & Kuo 1994 and 1996). For eutrophic cases with substantial algal biomass , diurnal 
variation in algal photosynthesis may result in significant diurnal variation in dissolved 
oxygen concentration. In order to simulate this diurnal variation in algal biomass and thus 
dissolved oxygen concentration, we have used Eq. 3-l e for light intensity, which does 
account for diurnal variation in light intensity. 
Light extinction in the water column consists of two fractions in the mode l: a 
background value including the effects of water itself and suspended solids, and extinction 
due to light absorption by an1bient chlorophyll, i.e., algae self shading. 
B 
KESS = KEb + KE CHL CCHL 
KEb = background light extinction coefficient (m-1) 
KEcHL = light extinction coefficient for chlorophyll 'a' cm·1 per mg CHL m"3) 
CCHL = carbon-to-chlorophyll ratio in algae (g C per mg CHL). 
(3-lf) 
Algal adaptation to light intensity to maximize production (Steele 1962; Kremer & 
Nixon 1978) is parameterized using the concept of optimal light intensity. 
I _ • (1 -KESS · Dopt (J ) ) s - n1ax11num o • e , s min (3-1 g) 
D0P1 = depth of maximum algal growth (m) 
(!
5
)
111
;
11 
= minimum value of optimal light intensity (langleys day·'). 
III-1-1 c. Effect of temperature on algal growth 
A Gaussian probability curve is used to represent temperature dependency of algal 
growth. 
f 3 (T) = exp(- KTG 1 [TM - T] 
2
) 
= exp(- KTG2 [T - TM]2) 
if T ::; TM 
if T > TM 
TM = optimal temperature for algal growth (0 C) 
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(3 -1 h) 
KTG I = effect of temperature below TM on algal growth (°C-2) 
KTG2 = effect of temperature above TM on algal growth (0 C-2) . 
III-1-2. Basal metabolism, predation and settling 
Basal metabolism is represented as a function of temperature in the model, fo llowing 
Cereo & c;:ole (1994) and Kuo & Park (1994). 
BM = BMR · exp(KTB [T - TR]) 
BMR = basal metabolism rate of algae at TR (day-') 
KTB = effect of temperature on algal metabolism rate (°C-1) 
TR= reference temperature for algal basal metabolism (°C). 
(3-1 i) 
The same form of formulation used for basal metabolism is used for predation (Cereo 
& Cole 1994; Kuo & Park 1994). 
PR = PRR · exp(KTB [T - TR]) (3 - lj) 
PRR = predation rate of algae at TR (day-'). 
Settling velocity of algae (WS 8) is specified as an input. 
IIl-2. Phosphorus 
The nutrient-sensitive version has two state variables for phosphorus cycle: one organic 
and one inorganic forms. 
III-2-1 . Organic phosphorus 
Kinetic sources and sinks included in the nutrient-sensitive version fo r organic 
phosphorus, that includes both particulate and dissolved organic phosphorus, are (F ig. 3-1 ) 
: algal basal metabolism and predation 
: settling of particulate organic phosphorus 
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: mineralization of organic phosphorus 
The governing kinetic equation for organic phosphorus is: 
aop · ws at= (FPO-BM+ FPOP·PR)APC·B - hoM OP - K 0 p · OP 
OP == concentration of organic phosphorus (g P m·3) 
FPO == fraction of metabolized phosphorus by algae produced as organic phosphorus 
FPOP == fraction of predated phosphorus produced as organic phosphorus 
APC == phosphorus-to-carbon ratio in algae (g P per g C) 
Kop == mineralization rate of organic phosphorus (day'1). 
III-2-2. Inorganic phosphorus 
Kinetic sources and sinks included in the nutrient-sensitive version for inorganic 
phosphorus are (Fig. 3-1) 
: algal basal metabolism, predation, and uptake 
: mineralization from organic phosphorus 
: settling of sorbed phosphate 
: sediment-water exchange of dissolved phosphate 
The governing kinetic equation for inorganic phosphorus is: 
(3-2) 
a P04 wsp04 P04 + BFP04 
~=(FPI·BM+FPIP·PR-P)APC ·B+K 0r·OP- h h (3-3) 
FPI == fraction of metabolized phosphorus by algae produced as inorganic phosphorus 
FPIP == fraction of predated phosphorus produced as inorganic phosphorus 
WSro4 == settling velocity of phosphate due to sorbed phosphate (m day·1) 
BFP04 == exchange flux of dissolved phosphate at sediment-water interface (g P nf2 day·1). 
A. Effect of algae on phosphorus 
Both basal metabolism and predation are considered, and thus formulated, to contribute 
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to organic and inorganic phosphorus (Equations 3-2 and 3-3). The total loss by basal 
metabolism is distributed using distribution coefficients (FPO and FPI) and the total loss by 
predation is distributed using distribution coefficients (FPOP and FPIP). Hence it should be 
that FPO + FPI = 1 and FPOP + FPIP = 1. Algae take up dissolved phosphate fo r growth 
(Eq. 3-3). 
B. Algal phosphorus-to-carbon ratio (APC) 
An empirical formulation is used to account for a variable algal phosphorus-to-carbon 
ratio (Cereo & Cole 1994). 
APC = (cPpnnl + CPpnn2 . exp [- CPpnn3 . P04J)-I (3 -3a) 
CP pnnl = minimum carbon-to-phosphorus ratio (g C per g P) 
CPP0112 = difference between minimum and maximum carbon-to-phosphorus ratio (g C per g 
P) 
CP pnnJ = effect of dissolved phosphate concentration on carbon-to-phosphorus ratio (per g P 
-3) m. 
C. Mineralization 
To include a mechanism for accelerated mineralization during nutrient-limited 
conditions (Chr6st & Overbek 1987; Boni et al. 1989), mineralization of organic phosphorus 
to inorganic phosphorus is represented using a formulation that relates the rate to algal 
biomass. 
K 01' = (K 01' . + KHP K OPalo . B) exp(K T DEC [T - TR DEC J) 
111111 KHP + P04 ~ 
(3 -3b) 
Kor . = minimum mineralization rate of organic phosphorus (day·1) 
min 
KoPalg = constant that relates mineralization to algal biomass (day-1 per g C m-3). 
The mathematical form of Eq. 3-3b is also used for mineralization of organic nitrogen to 
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ammonium nitrogen (Eq. 3-6b) and for decomposition of organic carbon (Eq. 3-6d). 
III-3. Nitroaen b 
The nutrient-sensitive version has three state variables for nitrogen cycle: one organic 
and two inorganic forms. 
III-3-1. Organic nitrogen 
Kinetic sources and sinks included in the nutrient-sensitive version for organic 
nitrogen, that includes both particulate and dissolved organic nitrogen, are (Fig. 3-1) 
: algal basal metabolism and predation 
: settling of particulate organic nitrogen 
: mineralization of organic nitrogen 
The governing kinetic equation for organic nitrogen is: 
80N ( ) WSOM ~ == FNO-BM + FNOP·PR ANC·B - h ON - KoN -ON 
ON = concentration of organic nitrogen (g N m-3) 
FNO = fraction of metabolized nitrogen by algae produced as organic nitrogen 
FNOP = fraction of predated nitrogen produced as organic nitrogen 
ANC = nitrogen-to-carbon ratio in algae (g N per g C) 
KoN = mineralization rate of organic nitrogen (day-'). 
III-3-2. Ammonium nitroaen b 
Kinetic sources and sinks included in the nutrient-sensitive version for ammonium 
nitrogen are (Fig. 3-1) 
: algal basal metabolism, predation, and uptake 
: mineralization from organic nitrogen 
: nitrification to nitrate 
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(3-4) 
: sediment-water exchange 
The governing kinetic equation for an1inonium nitrogen is: 
8NH4 ~ = (FNI -BM + FNIP· PR - PN · P)ANC ·B + K 0 N ·ON 
- NIT. NH4 + BFNH4 
. h 
FNI = fraction of metabolized nitrogen by algae produced as inorganic nitrogen 
FNIP = fraction of predated nitrogen produced as inorganic nitrogen 
PN = preference for algal uptake of an1r11onium (0 ~ PN ~ 1) 
BFNH4 = exchange flux of ammonium at sediment-water interface (g N m·2 day·1). 
III-3-3. Nitrate nitrogen 
(3-5) 
Kinetic sources and sinks included in the nutrient-sensitive version for nitrate nitrogen, 
that represents both nitrate and nitrite nitrogen, are (Fig. 3-1) 
: algal uptake 
: nitrification from ammonium 
: denitrification to nitrogen gas 
: sediment-water exchange 
The governing kinetic equation for nitrate nitrogen is: 
8N03 BFN03 ~ = -(1 - PN)P·ANC·B + NIT·NH4 - DENIT·N03 + h 
A. Effect of algae on nitrogen 
As in phosphorus, both basal metabolism and predation are considered, and thus 
(3-6) 
formulated, to contribute to organic and ammonium nitrogen (Equations 3-4 and 3-5) . The 
total loss by basal metabolism is distributed using distribution coefficients (FNO and FNI) 
and the total loss by predation is distributed using distribution coefficients (FNOP and FNIP) . 
Hence it should be that FNO + FNI = 1 and FNOP + FNIP = 1. 
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Algae take up ammonium and nitrate for growth, and ammonium is preferred from 
thermodynamic considerations (Equations. 3-5 and 3-6). The preference of algae for 
ammonium uptake is expressed as: 
PN = NH4 N03 
(KHN+ NH4) (KHN+ N03) 
B. Minerali zation 
+ NH4 ____ K_I-_IN ___ _ 
(NH4 + N03) (KHN+ N03) 
The formulation for mineralization of organic phosphorus (Eq. 3-3b) is used to 
represent mineralization from organic nitrogen to ammonium nitrogen. 
K ON = (KoNmin + KI-IN + ~ + N03 KoNalg ·B)exp(KTDEC [T - TR DEc J) 
KoNmin = minimum mineralization rate of organic nitrogen (daf1) 
KoNalg = constant that relates mineralization to algal biomass (day-1 per g C m-3). 
C. Nitrification 
(3 -6a) 
(3 -6b) 
The nitrification process is formulated as a function of available anunonium, dissolved 
oxygen and temperature (Bowie et al. 1985). 
DO 1 NIT = - - ----- -------NITm · f NlT (T) 
KHNITDO + DO KI-INITN + NH4 
(3 -6c) 
and the temperature dependency of nitrification rate is given by Eq. 2-2b. 
D. Denitrification 
The denitrification rate (DENIT) is given by Eq. 2-2c, with Eq. 2-2d for Koc modified 
as : 
Koc = (KoCmin + K ocaig · B) exp(KTDEC [T - TRoEc J) (3-6d) 
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Koca1g = constant that relates decomposition to algal biomass (day- 1 per g C m·3) . 
III-4. Organic Carbon 
The nutrient-sensitive version, as in the CBOD-NBOD-DO version, has one state 
variable for organic carbon, that includes both particulate organic and dissolved organ ic 
carbon. Kinetic sources and sinks included for organic carbon are (Fig . 3-1) 
: algal excretion ( exudation) and predation 
: settling of particulate organic carbon 
: decomposition of organic carbon, consuming dissolved oxygen 
: denitrification 
The governing kinetic equation describing these processes is: 
a ~c = ([FcD + (1 - FCD) KHR J BM + PRJ B 
UL KHR + DO 
- WSOM oc - K . . oc - DENIT. N03 
h J-IRO ANDC 
(3-7) 
FCD = fraction of algal basal metabolism excreted as organic carbon at infinite dissolved 
oxygen concentration 
KHR = half-saturation constant of dissolved oxygen for algal organic carbon excretion (g 0 2 
m·3). 
A. Effects of algae on organic carbon 
Algal basal metabolism in the present model consists of respiration and excretion 
( exudation). The end carbon product of respiration is primarily carbon dioxide, an inorganic 
form not considered in the present model, while the end carbon product of excretion is 
primarily dissolved organic carbon. The first term in the parenthesis on the right-hand side of 
Eq. 3-7 represents the contribution of organic carbon from algal excretion (see Kuo & Park 
1994). 
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B. Oxic decomposition and denitrification 
The rate of oxic heterotrophic respiration (K,m0 ) is given by Eq . 2-3a, w ith Koc given 
by Eq. 3-6d. The denitrification rate (DENIT) is given by Eq. 2-2c, with Koc given by Eq. 3-
6d. 
III-5 . Dissolved Oxygen 
The following processes are included in the nutrient-sensitive version fo r the k inetic 
sources and sinks of dissolved oxygen in the water column (Fig. 3-1 ). 
: algal photosynthesis and respiration 
: nitrification 
: decomposition of organic carbon 
: surface reaeration 
: sediment oxygen demand 
The governing kinetic equation describing these processes is: 
0 
DO = (c1.3 - 0.3. PN) P - (1 - FCD) DO BM) AOCR · B 
at KHR + DO 
- AONT ·NIT· NI-I4 - AOCR · K · OC + K (DO - DO) HRO r s 
A. Effects of algae, nitrification and decomposition of organic carbon 
SOD 
h 
(3 -8) 
Algae produce oxygen through photosynthesis and consume oxygen through 
respiration. The first line of Eq. 3-8 accounts for the contribution and consumption of 
oxygen by algae (see Kuo & Park 1994) . Autotrophic nitrifying bacteria obtain energy 
through the oxidation of ammonium to nitrite and of nitrite to nitrate, thereby consuming 
oxygen. The nitrification rate (NIT) is given by Eq. 3-6c (see Kuo & Park 1994). Oxic 
decomposition of organic carbon al so consumes oxygen with the rate of oxic heterotrophic 
respiration (KHRo) given by Eq. 2-3 a. 
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B. Surface reaeration 
The saturated concentration of dissolved oxygen (DOs) is given by Eq. 2-4a, and the 
reaeration coefficient (K,) is given by Eq. 2-4b. 
C. Estimation of CB0D5 and TKN from model results 
Fr'om the model results, one can estimate B0D5 and TKN. In the nutrient-sensitive 
version, both the oxidation of organic carbon and algal respiration contribute to BOD5, which 
is assumed to be entirely related to CB0D5. Then, B0D5 can be estimated using: 
(oc B ) BOD 5 = AOCR· - + -2.5 3.86 (3-8a) 
The factor B/3.86 in the algal contribution is based on the respiration rate of 0.06 day-1 at 20 
~C. TKN, that includes the nitrogen in algal biomass, organic nitrogen and ammonium 
nitrogen, may be estimated from: 
TKN = ANC·B +ON+ NH4 
111-6. Fecal Coliform Bacteria and Salinity 
As far as fecal coliform bacteria and salinity are concerned, there ' s no difference 
between the CBOD-NBOD-DO version and the nutrient-sensitive version. 
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(3-Sb) 
..... 
oc ON OP 
P04 
photosynthesis 
reaeration respiration s 
Figure 3-1. Interactions among ten water quality state variables in the nutrient sensitive 
version. (Each rectangular box represents a model state variable. The arrows between two 
variables represent the biochemical transformation of one substance to the other. An 
arrow with one end unattached represents an external or internal source (or sink), such as 
settling or decay.) 
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IV. Expert System 
An expert system refers to a system in which predefined protocols that incorporate the 
expertise of the authors accept simple observational data and make complex decisions. Its 
advantage is. that it does not require significant expertise of end users in the area of interest. 
An expert system, based on the tidal prism water quality model described in Chapters II and 
III, is developed to facilitate the model use by regulatory agencies for permit writing 
purposes for small coastal basins in Virginia. The expert system consists of three parts: 
evaluation of input parameters, and two Windows-based user interface (' Preprocessor for 
Geometry' and ' User Interface for Tidal Prism Water Quality Model '). 
The present model requires, as input data, model parameters, geometric information 
(distance from mouth, tidal prism, depth, etc.), initial condition, downriver open boundary 
condition, nonpoint source loads and point source loads. Among these input parameters, 
geometric information will differ for different coastal basins, and point source loads will 
differ for different facilities. Evaluation of all input parameters except the geometric 
information and point source loads is described in Section IV-1. 'Preprocessor for 
Geometry', a stand-alone Windows-based user interface, is provided with the expert system 
to facilitate user input of geometric information and to perform automatic segmentation of a 
coastal basin based on user-specified geometric information. Section IV-2 describes 
'Preprocessor for Geometry' and includes the description of the geometric info1mation 
required for the present model. 'User Interface for Tidal Prism Water Quality Model ', the 
main user interface for the present expert system, is provided with the expert system to 
facilitate the model use by regulatory agencies. Section IV-3 describes ' User Interface for 
Tidal Prism Water Quality Model' and includes the description of the information for point 
source loads required for the present model. 
IV-1 . Evaluation of Input Paran1eters 
Since the present expert system is intended to be used by end users that don ' t possess 
27 
significant knowledge in water quality modeling, input parameters except the geometric 
information and point source loads need to be evaluated and provided with the expert system. 
The input parameters that might be universal for small coastal basins in Virginia are 
evaluated and embedded into the expert system. The tidal prism water quality model (Kuo 
and Park, 1994 and 1995b ), from which the present model has been constructed, has been 
successfully applied tq the Lynnhaven River (Park et al. 1995a) and four other small coastal 
basins in Virginia (Kuo et al. 1998). For these model applications, extensive data sets were 
collected from the Lynn.haven River, Poquoson River, Piankatank River, Cherrystone Inlet 
and Hugars Creek (Park et al. 1995a and 1995b; Kuo et al. 1998). The values of input 
parameters that were evaluated from these applications through the analysis of extensive data 
sets and model calibration, may serve as an excellent input data set for model applications to 
small coastal basins in Virginia. 
IV -1-1. Model parameters: kinetic and environmental parameters 
The kinetic formulations in both the CBOD-NBOD-DO and nutrient-sensitive versions 
contain many model parameters that need to be evaluated from field data or through model 
calibration. The model parameters in the kinetic formulations include those related to the 
kinetic processes (referred to as kinetic parameters) and those related to the environmental 
conditions (referred to as environmental parameters). Most of kinetic parameters, although 
not all , may not change widely for small coastal basins in Virginia. The values of kinetic 
parameters established from the model applications for the five Virginia coastal basins (Park 
et al. 1995a; Kuo et al. 1998) are used as default values for the present expert system (Table 
4-1 ). The values of kinetic parameters in Table 4-1 have been proven to be applicable to the 
Chesapeake Bay mainstem and major tributaries (Cereo & Cole 1994) as well as to the five 
Virginia coastal basins. Environmental parameters include water temperature, surface solar 
radiation, benthic fluxes at water-sediment interface, etc. They may differ for different 
systems at a given time and for different times at a given system. The values for 
environmental parameters established from the analysis of the field data from the five 
Virginia coastal basins are used as default values for the present expert system (Table 4-2). 
The expert system is designed for permit writing for both summer and winter tiers . 
28 
The temperature data from the Lynnhaven Bay (Park et al. 1995b) was used to estimate the 
95 percentile values for summer condition (defined as June, July and August) and winter 
condition (defined as December, January and February). The constant 95 percentile values, 
29°C for summer and 5 °C for winter (Table 4-2), are used respectively for summer tier and 
winter tier. From the long-term measurements taken at VIMS (Gloucester Point, Virginia), 
the median values- for total daily light intensity (IJ are estimated to be 5 80 and 218 langleys 
day· 1 (Table 4-2), respectively, for summer and winter conditions, and are used for the expert 
system. Equation 3-1 e that calculates light intensity with diurnal variation requires 
specification of times of sunrise (fu) and sunset (td). Since the present tidal prism model 
simulates the water quality conditions every tidal cycle, we assume that one day consists of 
12-hour sunny tidal cycle followed by 12-hour dark tidal cycle, by setting~. = 06:00 and td = 
18:00 (Table 4-2). The light extinction coefficients K.Eb of 0.73 m·1 and KErnL of 0.059 m·1 
per mg CHL m·3 (Table 4-2) are estimated from the data of secchi-disk depth and 
chlorophyll-a from the Lynnhaven Bay (Park et al. 1995a). The tlu·ee coefficients for algal 
carbon-to-phosphorus ratio (Eq. 3-3a) are estimated from the data of particulate carbon, 
particulate phosphorus and dissolved phosphate from the Lynnhaven Bay (Park et al. 1995a). 
The values ofCPpnni = 41.1 g C per g P, CPpnni = 40 g C per g P and CPpnnJ = 200 per g P m·3 
(Table 4-2) are used for the expert system. For the benthic flux of phosphate, ammonium and 
nitrate at water-sediment interface, the values established from the model applications to the 
five Virginia coastal basins (Park et al. 1995a; Kuo et al. 1998) are used for the expert system 
(Table 4-2). For the sediment oxygen demand, a typical value of 1.0 g 0 2 m·2 day· 1 for small 
coastal basins is used. 
IV-1-2. Other input parameters (initial condition, open boundary condition and nonpoint 
source loads) 
The current permit writing process is based on the response at an equilibrium state of a 
receiving stream to the pollutant loads from a point source facility. The water quality model 
therefore needs to be run long enough to reach an equilibrium state, at which the model 
results are independent of initial condition. Some typical average concentrations of water 
quality state variables are assigned for initial condition. 
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The extensive data sets collected for the model applications to the five Virginia coastal 
basins (Park et al. 1995a; Kuo et al. 1998).are used to evaluate open boundary condition. 
Mean values from the data collected in June and August are used for the open boundary 
condition for summer tier, and mean values from the data collected in December and 
February are used for the open boundary condition for winter tier (Table 4-3). For saline 
systems, a user ~ill be asked to specify salinity at the mouth in the main user interface 
(Section IV-3), and for freshwater systems, salinity at the mouth is set to zero. 
The current permit writing process is based on the response of a receiving stream under 
low-freshwater flow conditions, so that it can focus on the effects of the pollutant loads from 
a point source facility. In most cases, 7Q 10 low flow has been used for the low-freshwater 
condition, in which the nonpoint source loads are not as important as the point source loads. 
In the present expert system, we assume that the nonpoint source loads are introduced into a 
system only through the most upriver segments in the main channel and tributaries, and that 
the concentrations of the open boundary condition (Table 4-3) are used for those of the 
non point source loads. The 7Q 10 flow is regarded as freshwater inflow (i.e., zero salinity). 
A user is asked to input the 7Ql0 flow rates at the main user interface (Section IV-3). 
IV-2. Preprocessor for Geometry 
For a given coastal basin, users may need to run the expert system more than once. In 
order for users to type the geometric information only once for a given system, the present 
expert system has a stand-alone Windows-based user interface, 'Preprocessor for Geometry .' 
It performs automatic segmentation based on user-specified geometric information, and 
writes an output file containing segmentation information. Users can repeatedly use the 
output file for a given coastal basin, whenever applying the expert system for the same 
coastal basin in the main user interface (Section IV-3). 
User interface in the present expert system uses dialog boxes for interactions with 
users. The dialog boxes used in 'Preprocessor for Geometry' are shown in Figures 4- 1 to 4-
8, and each of them has its own explanation at the bottom. The first dialog box in the 
'Preprocessor for Geometry' is a title page. The next one asks users to choose an existing 
survey data file for modification or to input new geometric survey data. The dialog box of 
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Fig 4-3 asks users to specify the name of the receiving stream, if it is a new one, and 
confirms site inspection by users prior. to running the expert system . Users should specify 
the stream name up to 50 characters to proceed. The expert system will be terminated if 
users have not already inspected the site. In the next dialog box (Fig. 4-4), users are asked to 
input tidal range for the entire system (ft), the length of main channel (mile) and the number 
of tributaries connected to the main channel. Coastal basins generally are small enough that 
we may use a uniform value for tidal range for the entire system. Users should specify a 
positive value for the main channel length from the mouth to the upriver end. The present 
expert system can handle up to 15 tributaries connected to the main channel. 
The next dialog box (Fig. 4-5) contains buttons for the main channel and each of the 
tributaries. Users should push each of the buttons one by one in order to enter geometric data 
for that channel. A button will disappear once the geometric data for that channel are entered. 
In the next dialog box (Fig.4-6), users are asked to input the geometric information for the 
main channel: distance from mouth (mile), width (ft) and low water depth (ft). Distance from 
the main channel mouth should be a positive value less than or equal to the main channel 
length. Width and low water depth should be non-negative values. Since the geometric 
information at the mouth of a system is required for the segmentation, the first line of user 
input is reserved for the geometric information at the mouth. Users may provide the 
geometric information at as many locations as they want up to 15 locations. Linear 
interpolation is employed to generate the geometric information between the specified 
locations. If a user does not provide the information at the head of the stream, zero will be 
assigned to both the width and low water depth at the head. 
The next dialog box is for user to input the geometric information for the tributaries 
connected to the main channel (Fig. 4-7), which will be repeated as many times as the 
number of tributaries that users have specified at the dialog box in Fig. 4-4. In this dialog 
box, users need to specify the tributary name, distance (mile) from the main channel mouth to 
the present tributary mouth, tributary length (mile), number of secondary tributaries 
connected to the present tributary. For the tributary with no user input for the tributary name, 
'not specified' will be assigned for its name. Distance from the main channel mouth to the 
present tributary mouth (mile) should be a positive value less than or equal to the main 
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channel length. Tributary length should be a positive value and the number of secondary 
tributaries connected to the present tributary should be a non-negative integer. The present 
expert system allows up to 10 secondary tributaries for each primary tributary. Users also 
need to provide the geometric information for the present tributary: distance from the 
tributary mouth (mile), width (ft) and low water depth (ft). Distance from the tributary 
mouth should be a positive value less than or equal to the tributary length. Width and low 
water depth should be non-negative values. As in the main channel (Fig. 4-6), users should 
provide the geometric information at the tributary mouth, and users may provide the 
geometric information at as many locations as they want for the present tributary up to 15 
locations. 
A tributary may have secondary tributaries, for which the dialog box in Fig. 4-8 will 
ask users to specify the geometric information: distance from the present tributary mouth 
(mile), total length (mile), widths (ft) and low water depths (ft) for the current secondary 
tributary. The dialog box in Fig. 4-8 takes care of all secondary tributaries, up to 10, 
connected to the present tributary. Distance from the tributary mouth to identify the location 
of the secondary tributary should be positive values less than or equal to the length of present 
tributary. Total length should be positive values. Since each secondary tributary is 
considered as single segment in the present tidal prism model (Kuo & Park 1994 ), we need 
mean information for width and low water depth for each secondary tributary. Hence, users 
need to provide two widths and low water depths at both ends of each secondary tributary or 
any two pairs of representative values. Note that means of two widths should be positive 
values and means of two low water depths should be non-negative values. Users should 
provide the geometric information for the same number of secondary tributaries as specified 
in the dialog box in Fig. 4-7. That is, users should not input the boxes denoted by 'NI A' . 
Segmentation method for the tidal prism model is described in detail in Kuo & Park 
( 1994 ). The present user interface incorporates a program for automatic segmentation based 
on the geometric information that users have specified in Figures 4-2 to 4-8. Push the OK 
button in the dialog box in Fig. 4-6, 4-7, or 4-8 will cause the program to execute the model 
segmentation, if all required data are properly entered. A dialog box indicating successful 
segmentation (Fig.4-9) will appear on the screen. The receiving stream name specified in Fig. 
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4-3, with extension .geo is assigned as the output file name of the Geometric Preprocessor. 
Users may process to run the Tidal Prism Model or examine the geometric output file by 
pushing the appropriate button in dialog box shown in Fig. 4-9. The output file contains the 
segmentation information including high water volume, tidal prism, mean water depth for 
each segment, Fig.4-10. It will be saved for later use by the main user interface (Section IV-
3). Users need to run 'Preprocessor for Geometry ' only once for a given coastal basin and 
the output file can be used repeatedly for the future applications of the main user interface, 
unless there are changes in geometry. 
IV-3. User Interface for Tidal Prism Water Quality Model 
The 'User Interface for Tidal Prism Water Quality Model' is the main interface of the 
present expert system, in which users can specify input parameters, run the tidal prism water 
quality model and generate report with the model results. As in 'Preprocessor for Geometry', 
the main interface uses dialog boxes for interactions with users. The dialog boxes used in the 
main interface are shown in Figures 4-11 to 4-25, each of which has its own explanation at 
the bottom. 
The first dialog box (Fig. 4-11) in the main interface is the title page. The second 
dialog box asks users to select a geometric file to be used by the main program (Fig. 4-12). 
The dialog box in Fig. 4-13 asks users to specify the name of the point source facility under 
consideration and the permit number. Users should specify the name of the point source 
facility, up to 50 characters, in order to proceed. Users may specify the permit number if 
available. No input will assign 'not specified' for the permit number. The next dialog box in 
Fig. 4-14 confirms site inspection by users prior to running the expert system. The expert 
system will be terminated if users have not already inspected the site. The dialog box in Fig. 
4-15 asks the cause of violation of water quality standards in the receiving stream. The 
present expert system is designed to be used for the coastal basins where the water quality 
standards may be violated by man-made causes. If the water quality standards are violated 
by natural causes, users should contact the central office instead of running this program. 
The next dialog box (Fig. 4-16) asks users to choose various options for the model run . 
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Users can choose either nutrient insensitive case or nutrient sensitive case. The CBOD-
NBOD-DO version (Chapter II) will be (1sed for the former, and the nutrient-sensitive version 
that includes algal dynamics (Chapter III) will be used for the latter. Users can choose either 
the saline system or freshwater system, so that the salt balance equation may or may not be 
simulated. Users can choose either summer tier or winter tier (see Section IV-1). Users may 
also choose to -simulate fecal coliform bacteria. 
For nutrient sensitive cases, users have two options for total phosphorus concentration 
in the point source discharge (Fig. 4-17). Users can either fix it 2.0 mg 1"1 as required by the 
"nutrient sensitive water body" or specify a value later when providing point source loads 
(see Fig. 4-22). Upon choosing a saline system in Fig. 4-16, users will be asked in the dialog 
box in Fig. 4-18 of the salinity (ppt) at the main channel mouth, for which users should 
specify a positive value. 
The dialog box in Fig 4-19 asks users to specify the freshwater discharge rates (MGD), 
which should be non-negative values. The present expert system assumes that freshwater 
inflows come into the system only from the most upriver segments in the main channel and 
tributaries. The dialog box in Fig. 4-19, using the geometric information read in from the 
input file created by Geometric Preprocessor, displays only the most upriver segments in the 
main channel and tributaries. Users should provide the freshwater discharge rates for each of 
them .. 
The dialog box in Fig. 4-20 asks users to specify the number of other point source 
facilities that exist in the receiving stream and the location of the point source facility under 
consideration. The default number for other point source is zero, i.e., there is no point source 
other than the one under consideration in the system .. The present expert system can handle 
up to 4 point sources in addition to the one under consideration For the location of the point 
source facility under consideration, users first need to check whether the facility is located in 
the main channel or one of the tributaries. Then, users specify the distance (mile) from the 
facility to the main channel or tributary mouth. The distance should be a positive value less 
than or equal to the channel length. If a tributary containing secondary tributaries is checked 
' 
a check box under "In a Secondary Tributary?" will appear. Users should check the box 
instead of specifying distance from the mouth if the facility is located at a secondary 
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tributary. 
The next dialog box is for user input for the location of other point source facilities 
(Fig. 4-18), which will be repeated as many times as you have specified in Fig. 4-1 7. Users 
may provide the name of other facility up to 50 characters. No input will assign 'not 
specified' for the name. For the explanation of the location of other facility , the tributary 
number and tqe distance from the mouth, see Fig. 4-17. 
In the next dialog box in Fig. 4-22, users are asked to specify the point source 
discharge rates (MGD), and the concentrations of B0D5, TKN, TP (total phosphorus) , DO 
and FCB in the discharge. Users should not input the boxes denoted by 'NI A'. All 
concentrations are in mg 1- 1 except FCB, which is in MPN per 100 ml. Users should input TP 
only when the nutrient sensitive case is chosen, FCB only when fecal coliform bacteria is 
simulated (Fig. 4-16). When an option was not chosen in Fig. 4-16, the corresponding box 
will be denoted with 'NI A'. For TP concentrations in nutrient sensitive cases, users can 
either use the fixed value of 2.0 mg 1-1 or specify a value less than or equal to 2.0 mg r-' in 
Fig. 4-22 (see Fig. 4-17). 
In the dialog box in Fig. 4-22, users provide the point source loads for BOD5, TKN, 
TP, DO, and FC. The loads for DO and FCB, which are model state variables, can be 
directly incorporated into the water quality model for the corresponding state variables. 
B0D5, TKN and TP, however, are not model state variables, and thus need to be converted to 
the model state variables for carbon, nitrogen and phosphorus. Organic carbon (OC) is the 
only model state variable for carbon. It is assumed that BOD5 is entirely related to CBOD, 
which can be converted to organic carbon using: 
oc = CBOD = 2.5 x BOD, (4-1) 
AOCR AOCR 
where AOCR is the dissolved oxygen-to-carbon ratio in respiration (2 .67 g 0 2 per g C). For 
nitrogen, model state variables include TKN and nitrate nitrogen (N03) for the CBOD-
NBOD-DO version while organic nitrogen (ON), anunonium nitrogen (NH4) and N03 for 
the nutrient-sensitive version. Using the Virginia point source data in 1988-1995, \Viedeman 
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& Cosgrove (1998) reported the species relationship for nitrogen is ON:NH4:N03 = 
0.16:0.75:0.09. Then, 18% ofTKN (ON + NH4) is ON and the other 82% ofTKN is NH4, 
and N03 :TKN is about 10%. It is further assumed that TKN always contain 3 mg 1-1 of 
highly refractory organic nitrogen, so that this portion do not contribute to NBOD. Then, for 
the nutrient-sensitive version, 
ON= TKNx0.18 - 3.0 (4-2a) 
NH4 = TKN x 0.82 (4-2b) 
N03 = TKN x 0.1 (4-2c) 
For the CBOD-NBOD-DO version, 
TKN = TKN - 3.0 ( 4-3a) 
N03 = TKN x O.l (4-3b) 
The CBOD-NBOD-DO version does not include phosphorus, while the nutrient-sensitive 
version has organic phosphorus (OP) and inorganic phosphorus (P04) as phosphorus state 
variables. Wiedeman & Cosgrove ( 1998) also reported for phosphorus that the species 
relationship in Virginia point source discharges is OP:P04 = 0.19:0.81. Then, for the 
nutrient-sensitive version, 
OP = TP x 0.19 ( 4-4a) 
P04 = TP x 0.81 (4-4b) 
After entering all the required input data in the dialog box of Fig. 4-22, users may click 
the OK button to start the model run. Fig. 4-23 is a brief report summarizing the model 
results. The report includes a statement indicating if the water quality standards fo r di ssolved 
oxygen concentrations are met. If any water quality standard is violated, additional window 
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(Fig.4-24) will appear, which allow users to rerun the model again with reduced point source 
load. The users may select to reduce point source load manually or automatically. If 
automatic reduction is chosen, the interface will reduce the point source load by 1 % before 
each model run. The process will continue until water quality standards are met. Fig. 4-25 
reports the cond~tions when water quality standards are met. The report may be included as a 
part of point source discharge permit fact sheet. 
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Table 4-1. Default values fo r kinetic parameters. 
Parameter Value Source1 
PM (day-1) 2.0 A, B 
KHN (gN m-3) 0.01 A, B 
KHP (g P m-3) 0.001 A, B 
CCHL (g C per mg CHL) 0.06 A,B 
Dopt (m) 0.1 A 
(IJmin (langleys day-1) 40.0 A , B 
TM (°C) 20.0 A, B 
KTG 1 & KTG2 (°C-2) 0.005 A, B 
BMR (day-1) 0.06 A , B 
TR (°C) 20.0 A,B 
KTB (oC-1) 0.069 A,B 
PRR (day-1) 0.1 A, B 
WS 8 (m day-1) 0.1 A,B 
FPOP 0.8 A, B 
FPIP 0.2 A, B 
FPO 1.0 A , B 
FPI 0.0 A, B 
WS0 M (m day-1) 0.1 A, B 
WSr0 4 (m day-1) 0.1 A 
KoPmin (day-1) 0.1 A, B 
KoPatg ( day-1 per g C m-3) 0.2 A , B 
TRDEC (oC) 20.0 A , B 
KT DEC (0 C-1) 0.069 A , B 
FNOP 1.0 A , B 
FNIP 0.0 A, B 
FNO 1.0 A, B 
FNI 0.0 A , B 
ANC (g N per g C) 0. 167 A, B 
ANDC (g N per g C) 0.933 A, B 
KoNmin (day-1) 0.015 A, B 
KoNatg (day-1 per g C m-3) 0.0 A, B 
KHNIT Do (g 0 2 m-3) 1.0 A, B 
KHNIT N (g N m-3) 1.0 A, B 
NITm (g N m-3 day·1) 0.075 B 
1 A= Park et al. (1995) and Kuo et al. (1998). 
B = Bowie et al. (1985), Thomann & Mueller (1987) and Cereo & Cole (1994). 
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Table 4-1. ( continued). 
Parameter Value Source 1 
TNIT (°C) 27.0 A, B 
KNIT 1 & KNIT2 (0 C-2) 0.0045 A, B 
KHDNN (g N m·3) 0.1 A,B 
AANOX 0.5 A,B 
FCD 0.0 A,B 
KHR (g 0 2 m·3) 0.5 A, B 
KHOR00 (g 0 2 m·3) 0.5 A,B 
Kocmin or Kocrcf (day·1) 0.075 B 
Koca!g (day· 1 per g C m·3) 0.0 A,B 
AOCR (g 0 2 per g C) 2.67 A,B 
AONT (g 0 2 per g N) 4.33 A,B 
K,0 (in MKS unit) 3.933 A,B 
KT, 1.024 A,B 
KFcn (day·') 1.5 B 
TFCB (°C- 1) 1.07 B 
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Table 4-2. Default values for environmental parameters . . 
Parameter Value' Source2 
T (°C) 29.0", 5.0b A 
Ia (langleys day·') 580.0'\ 218.0b C 
t11 (hour) 6.0 C 
td (hour) 18.0 C 
KEb (m·') 0.73 A 
KECHL cm·' per mg CHL m'3) 0.059 A 
CPpn111 (g C per g P) 41.1 A 
CP pnn2 (g C per g P) 40.0 A 
CP pnn3 (per g P m·3) 200.0 A 
BFP04 (g P m·2 day·') 0.006 A 
BFNH4 (g N m·2 day·') 0.012 A 
BFN03 (g N m·2 day·') 0.005 A 
SOD (g 0 2 m·2 day·') -1.0 B 
I .(." • 
a = 1or summer tier. 
b = for winter tier. 
2 A= Park et al. (1995) and Kuo et al. (1998). 
B = Thomann & Mueller (1987). 
C = estimated from ??-year long measurements at Gloucester Point, Virginia. 
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Table 4-3. Default values for open boundary conditions and nonpoint source loads. 
Parameter Summer Tier1 Winter Tier2 
B (g C m·3) 0.5 0.7 
OP (g P m·3) 0.01 3 0.014 
P04 (g P m·3) 0.008 0.008 
ON (g N m·3) 0.3 0.3 
NH4 (g N m·3) 0.01 2 0.014 
N03 (g N m·3) 0.008 0.051 
OC (g C m·3) 3.1 3. 1 
DO (g 0 2 m·3) Eq. 2-4a3 Eq. 2-4a3 
7.54 11 . 74 
FCB (MPN per 100 ml) 0.0 0.0 
s (ppt)5, 6 user input user input 
Tracer (g m·3) 0.0 0.0 
7Ql0 (m3 day· 1) user input user input 
1 Mean values from the data collected in June and August. 
2 Mean values from the data collected in December and February. 
3 For open boundary condition of dissolved oxygen, the saturated concentration for given 
temperature salinity given by Eq. 2-4a is used. 
4 For nonpoint source loads, 7.5 and 11.7 g 0 2 m·3 that are based on field data in Virginia 
small coastal basins are used for summer and winter tiers, respectively. 
5 For open boundary condition, a user will be asked to provide salinity at mouth (in the main 
user interface) for saline system. Salinity at mouth is set to zero for freshwater system. 
6 For nonpoint source loads, the 7Q 10 low flow is regarded as freshwater inflow (i .e., zero 
salinity). 
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Figure 4-1 . Initial Screen for Geometry Preprocessor. 
p -; Select a Receiving Stream !1~13 
1 0 Existing Geometry Files 
A Coastal Basin.Svy 
Branch-3.Svy 
Hungars Creek.Svy 
new.Svy 
rect. Svy 
sto.Svy 
I-' c: 
.:J 
... C:\ 
t5l tpm 
D ForSeg 
~ CJ test_ seg 
_______ st_a_rt_a_N_ew __ su_r_ve_Y ____ ___.I ![ :::::::?,~:::::::::J I ~ 
Users may specify a new survey input by clkking "Start a New Survey" button or proceed 
with existin surve s b hi hli htin a surve file name and clickin "OK" button. 
Figure 4-2. Dialog box for stream survey selection (Preprocessor for Geometry) . 
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Users should specify ·the name of the receiving stream (up to 50 characters), if a new survey 
data set is to be used. You cannot proceed until providing the name. 
A user should inspect the site prior to using this expert system. Pressing 'NO' button will 
terminate the program. 
Figure 4-3. Dialog box for specification of stream name and confirmation of site inspection 
(Preprocessor for Geometry). 
-- ----· - -'i • - - • -·- -A:A~•••,_ • - • - • ·-·-·~---- -~-
6mj Receiving Stream Dimension . B li1Ei 
Tidal range and main channel length (from mouth to upriver end) should be positive values. 
The number of tributaries should be a non-negative integer up to 15. 
Figure 4-4 . Dialog box for tidal range, main channel length and number of tributaries 
(Preprocessor for Geometry). 
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The number of buttons depends on the number of tributaries. Users may proceed by clicking 
each button that will disappear after finishing input. After all the channels are processed 
for input, the tidal prism calculation and model segmentation will be automatically done. 
Figure 4-5. Dialog box for survey input processing (Preprocessor for Geometry) . 
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Users should provide distance from main channel mouth (positive values less than or equal to 
the main channel length), width (non-negative values) and low water depth (non-negative 
values) at several locations in the main channel to define its geometry. 
: Only the white boxes can accept the user input. 
: You can specify as many lines of input as you like, up to 15 locations (i.e., lines). 
: For each location, you should provide all of distance, width and depth. 
: The first line, for which the input is mandatory, is reserved for the geometric information at 
the main channel mouth. 
: If a user does not provide the information at the head of the stream, zero will be assigned to 
both the width and low water depth at the head. 
Figure 4-6. Dialog box for geometric input for main channel (Preprocessor for Geometry). 
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: This dialog box will repeat as many times as the number of tributaries specified in Fig. 4-4. 
Users should provide 
1) tributary name (up to 50 characters): no input will assign ' not specified ' 
2) distance from the main channel mouth to the present tributary (a positive value less than or 
equal to the main channel length) 
3) tributary length (a positive value) 
4) number of secondary tributaries connected to the present tributary (a non-negative integer 
up to 10) 
Users should also provide distance from tributary mouth (positive values less than or equal to 
the tributary length), width (non-negative values) and low water depth (non-negative 
values) at several locations in the present tributary to define its geometry. 
: For each location, users should provide all of distance, width and depth. 
: The first line, for which the input is mandatory, is reserved for the geometric info rmation at 
the tributary mouth. 
: If a user does not provide the information at the head of the stream, zero will be assigned to 
both the width and low water depth at the head. 
Figure 4-7. Dialog box for geometric input fo r tributaries (Preprocessor fo r Geometry). 
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: This dialog box appears only if the number of secondary tributaries in Figure 4-7 is positive. 
: This dialog box takes care of all secondary tributaries, up to 10, for the ctment tributary. 
Users should provide distance from tributary mouth (positive values less than or equal to the 
tributary length) and total length (positive values). Width and lower water depth 
information should be given at least for one typical cross section. 
Figure 4-8. Dialog box for geometric input for secondary tributaries 
(Preprocessor for Geometry) . 
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mm Successful Run!!! B l!I El 
The output file name (up to 50 characters) appears on the "View" button. By clicking this, 
users can view the processed geometry file which is an input file for main model 
calculation. User may proceed to run the tidal prism model. 
Figure 4-9. Dialog box for successful model segmentation (Preprocessor for Geometry). 
mm Hungars Creek.Geo . l!i[i] £i 
Hungars Creek 
Modified : 19990817 
Hydrodyna mic & Geometry Input 
9 1 Hungars Creek 
6 4 Jacobus Creek 
1 Number of storages 
$$$ 
CH 
geometry and 
S# DIST 
hydrodynamic input$$$ 
VH P Al 
M 0 
M 0 
M 0 
M 0 
M 0 
M 0 
M 0 
M 0 
M 0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
(km) 
0.000 
1.120 
2.20 0 
3. 720 
4 . 410 
4 . 990 
5 .480 
5.890 
6 . 430 
( 10 A6 mA3) 
0 . 000 3.095 
3.288 2 . 335 
2.3 1 7 1 . 73 9 
1.725 0 . 426 
0 . 423 0 .23 7 
0 .236 0 . 121 
0 . 119 0.053 
0 . 052 0.017 
0 . 021 0 .000 
0 .300 
0.300 
0.300 
0 .30 0 
0.300 
0.300 
0 .300 
0 .300 
0.300 
HA 
(m) 
0.000 
2.335 
2.069 
1.421 
1.061 
0.937 
0.765 
0.595 
0.442 
Figure 4-10. Geometry file (Clicking "Print" button sends file to default printer) 
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Figure 4-11 . Initial Screen for main user interface. 
F ...; Select a Receiving Stream RfilEI 
A Coastal Basin.Geo 
Branch-3.Geo 
• j __, d: [LACIE) 
t:51 D:\ 
· 8 tpm new.Geo 
rect.Geo 
sto.Geo 
test rectangular basin.Geo D ForSeg 
test.Geo ... 1 CJ test_seg 
tri.Geo ..:.J 
r~--,-O~E-xis~ti-ng- G~e-o-m-et~~~F~ile_s __ ~ ~ 
Users should hi hli ht an existin file and then click "OK" button to roceed. 
Figure 4-12. Dialog box for stream selection (main user interface). 
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.. ,.1, ' 
· Per'mit Number ·• · 
.I 
Users should specify the name of the point source facility under consideration (up to 50 
characters). 
Users should also specify the permit number. 
Figure 4-13. Dialog box for name of point source facility and permit number (main user 
interface). 
A user should inspect the site prior to using this expert system. Pressing 'NO' button will 
terminate the program. 
Figure 4-14. Dialog box for confirmation of site inspection (main user interface). 
iii. Natural Water Quality . -· · Eilil 13 
The present expert system is designed to be used for the coastal basins where the water 
quality standards may be violated by man-made causes. If the water quality standards are 
violated by natural causes, users should contact the central office instead of running this 
program. Pressing 'YES' button will terminate the program. 
Figure 4-15. Dialog box for confirmation of natural violation of water quality standards 
( main user interface). 
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iii. Input Options ·B1i1£i 
The CBOD-NBOD-DO version will be used for nutrient insensitive cases, while the nutrient-
sensitive version will be used for nutrient sensitive cases. 
Users can also choose saline versus freshwater system, summer versus winter tier, and 
simulation of fecal coliform bacteria. 
Figure 4-16. Dialog box for options (main user interface). 
iii. Nutrient Sensitive Case · · · Bl!J Ei 
For a nutrient sensitive case, users should choose, for total phosphorus concentration in point 
source discharge, either fixing it at 2.0 mg 1·1 or specifying it later in Fig. 4-22. For 
nutrient insensitive cases, this dialog box will not be prompted. 
Figure 4-17. Dialog box for total phosphorus concentration (main user interface). 
51 
iii. Salinity Input Qlil Ei 
For a saline system, users should provide the salinity at the main channel mouth (a positive 
value). For freshwater system, this dialog box will not be prompted. 
Figure 4-18. Dialog box for salinity at main channel mouth (main user interface). 
"r,··· 
' um Freshwater Discharge EiliJ Ei 
0.08 
The freshwater discharge rates should be non-negative values. 
: You should input only for the most upriver segments in the main channel and tributaries as 
specified (i.e., you should not input the boxes denoted with 'N/A'). 
Figure 4-19. Dialog box for freshwater discharge rates from the most upriver segments 
in the main channel and primary tributaries (main user interface). 
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iii. Point Source location B lil f3 
Users should specify the number of other existing point source facilities (a non-negative 
integer less than or equal to 4, since the present expert system can handle up to 4 point 
source facilities in addition to the one under consideration). 
Users also need to specify the location of the point source facility under consideration: main 
channel, tributary or secondary tributary. 
: For the facility in main channel, you should select O for tributary number, and the distance 
from the main channel mouth (a positive value less than or equal to main channel length). 
: For the facility in tributary or secondary tributary: users should select the corresponding 
tributary number ( a positive integer less than or equal to the total number of tributaries), 
and the distance from the corresponding tributary mouth (a positive value less than or 
equal to tributary length) or click the button under "In Secondary Tributary". 
Figure 4-20. Dialog box for location of point source facility under consideration and the 
number of other existing point source facilities (main user interface). 
Iii. Facility Name for PS Ill li!ililf3 
: This dialog box will repeat as many times as the number you have specified in Fig. 4-20. 
Users may input other facility name (up to 50 characters), for which no input will assign 'not 
specified'. For the explanation of the location of other facility, tributary number and the 
distance from mouth, see Fig. 4-20. 
Figure 4-21. Dialog box for location of other existing point source facilities 
(main user interface). 
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iii, Point Source Specification Blill3 
140 30 
35 18 
2 2 
Users should provide the discharge rates and the concentrations in the discharges. 
: You should not input the boxes denoted by 'NIA'. 
: You should specify positive values for discharge rate, CB0D5, TKN, TP, DO and FCB. 
: You should input TP only when you choose the nutrient sensitive case in Fig. 4-16, FCB 
only when you choose to simulate fecal coliform bacteria in Fig. 4-16. When an option 
was not chosen in Fig. 4-16, the corresponding box will be denoted with 'NI A'. 
: For TP concentrations in a nutrient sensitive case, users can either use the fixed value of 2.0 
mg 1·1 or specify values less than or equal to 2.0 mg 1·1 (see Fig. 4-17). 
Figure 4-22. Dialog box for specification of point source loads (main user interface). 
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4 Untitled • Notepad l!lliJ 13 
Model Using UIMS TPM 
date: Thu,September 23,1999 
1Receiving stream 
Facility Hame 
Permit Humber 
Hungars Creek 
Point Source Facility 
PHOOOO 
Effluent Quality Characteristics 
Discharge 
TP 
Tl(H 
. CBOD5 
DO 
2.00 MCD 
2.00 mg/1 
35. oo mg/1 
140.00 mg / 1 
7. 00 mg/1 
Model Predictions 
Spatially MIHIMUM daily mean DO 
, Spatially MIHIMUM daily minimum DO 
' Spatially MAXIMUM daily mean chlorophyll 
Spatially MAXIMUM daily mean 8005 
Spatially MAXIMUM daily mean TKH 
Water Quality Standard Uiolated !!! 
4.79 mg/1 
4.59 mg/1 
15.28 µg/1 
13.16 mg/1 
4.25 mg/1 
Users may save the report by using "save as" under "File" menu. 
Figure 4-23. Report from the TPM model run sent to "Notepad" in case of water quality 
violation (main user interface). 
Users may test the water quality change either by selecting new loading or by making 
automatic reduction of the loading. 
Figure 4-24. Dialog box for specification of reduced point source loads (main user interface) . 
55 
L 
,@Untitled· Notepad l!llilEi 
;file~, :f.dit ; &earch )ielp 
· Receiving stream 
'. Facility Hame 
' Permit Humber 
Hungars Creek . 
Point Source Facility 
PHllllllll 
Discharge 
. TP 
Tl<H 
CB0D5 
DO 
2. llll MCD 
2.llll mg/1 
35. Oil mg/1 
140.llll 1119/l 
7. Oil mg/1 
Spatially MI~IMUM daily mean DO 
. Spatially MINIMUM daily minimum DO 
· Spatially MAXIMUM daily mean chlorophyll 
.Spatially MAXIMUM daily mean B0D5 
. Spatially MAXIMUM daily mean TKH 
5. 01 mg/1 
4 . 82 1119/l 
14.24 µg/1 
11 .41 mg/1 
3 .60 1119/1 
Water Quality Standard will be met by reducing 
·15 % of TKH and CB0D5 loadings specified above. 
I 
Users may save the report by using "save as" under "File" menu. 
Figure 4-25. Report from the TPM model run sent to "Notepad" when water quality 
standards are met (main user interface). 
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Chapter V. Summary and Recommendations 
V-1. Summary 
An expert system based on the tidal prism water quality model (Kuo & Park, 1994 and 
1995b) has been developed for permit writing purpose for small coastal basins in Virginia. The 
tidal prism model simulates the physical transport processes using the concept of tidal flushing 
(Ketchum 1951 ). Because the simulation of tidal flushing is simple and straightforward, the tidal 
prism model is ideal for small coastal basins including those with high degree of branching. The 
present expert system is based on two versions of water quality model. The brief version for 
nutrient insensitive cases has six state variables (Chapter II), and is to be used to address the 
routine conventional pollutants such as CBOD and NBOD. The full version for nutrient 
sensitive cases has ten state variables (Chapter III), and is to be used for eutrophic systems where 
algae play an important role. 
The present expert system has embedded with input data that includes model parameters 
(kinetic and environmental parameters), initial condition, open boundary condition, etc. (Section 
IV-1 ). The tidal prism water quality model in Kuo & Park (1994 and 1995b ), from which the 
present model is constructed, has been successfully applied to the Lynnhaven River (Park et al. 
1995a) and four other small coastal basins in Virginia (Kuo et al. 1998). The input parameters 
that were extracted from the model applications to these five small coastal basins are embedded 
into the expert system. These input parameters that were evaluated through the analysis of 
extensive data sets and model calibration, might be universal for small coastal basins in Virginia. 
To facilitate the use by permit writers, the present expert system includes two Windows-
based user interface, ' Preprocessor for Geometry' (Section IV-2) and 'User Interface for Tidal 
Prism Water Quality Model' (Section IV-3). The 'Preprocessor for Geometry' asks a user to 
input geometric information for a coastal basin of concern, performs automatic model 
segmentation, and writes an output file that contains the segment and tidal information. The 
'User Interface for Tidal Prism Water Quality Model' is the main user interface for the expert 
system. In this interface, a user is asked to input control parameters for the model run, guided 
through the interface. When all input parameters are completed, the interface automatically 
causes the tidal prism model to perform water quality simulation and generate a window 
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highlighting the model results. If the model results fail to meet the water quality standards of 
dissolved oxygen concentration, additional window is generated from which the user may select 
automatic reduction of point source load or manual reduction. If automatic reduction is selected, 
the interface will cause the model to run with reduced loads until water quality standards are met. 
The point source load is reduced by 1 % of original load with each iteration of model run. Finally 
a brief report is generated, which may be included in discharge permit. 
V-2 Recommendations 
The tidal prism water quality model, coupled with the present expert system, is a very 
powerful tool for calculating allowable point source loads in a small coastal basin. However it 
still requires users to provide geometric, tidal, salinity (in case of saline system) and freshwater 
discharge information for the coastal basin of application. It is recommended that a data base be 
constructed for all small coastal basins in Virginia. The data base should contain, for each 
coastal basin in Virginia, the model segmentation done by expert modelers. The users needs 
only to click the basin name to proceed to the main model interface, without the need of 
'Preprocessor for Geometry'. Instead of linear interpretation of geometric information between 
transects, the model segmentation could then be done in a more rigorous way. 
To expand the model utility to include nonpoint source discharges, it is recommended that 
a watershed model be incorporated into the present expert system. The watershed model should 
be simple and suitable for small coastal watershed. With nonpoint source discharges included, 
the model package could be used in the pending TMDL (Total Maximum Daily Load) process. 
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